The temperatures of the left testis, and of the adjacent viscera, of 11 anaesthetized quail were measured. The testes averaged 0\ m=. \ 6\ s=deg\ C cooler than the surrounding viscera and 1\ m=. \ 3\ s=deg\ Ccooler than the flight muscle. We suggest that endothermic reactions are the cause of the testicular temperature being below that of its immediate surroundings.
Introduction
Testis temperatures in the mammalian scrotum have long been a source of interest to reproductive physiologists (see, for example, Moore & Quick, 1924; Badenoch, 1945; Cowles, 1965; VanDemark & Free, 1970) . In contrast, few observations have been published on the testicular temperature in birds (Herin, Booth & Johnson, 1960) . The interpretation of bird temperatures is, in any case, complicated by the effects of evaporative cooling in the air-sacs. Moreover, the absence of brown fat and of non-shivering thermogenesis (Jansky, 1973;  George, 1984) mean that heat production in the thermal core of a bird's body is rather localized. The concept of a core temperature, so useful when considering the animal as a whole, is of less value to the worker concerned with temperature differences within that 'core'.
With a view to testing the possibility that endothermic reactions within the testis might cool it, measurements were made of the temperatures of quail testes and these were compared with simultaneous estimates of the temperatures of the surrounding viscera (as measured between folds of intestine). For comparison, the temperature of a point in the pectoralis major flight muscle, a well-vascularized tissue, was likewise continuously monitored.
Materials and Methods
The male quail (Coturnix coturnix japónica) used were at least 7 weeks old and had been brought to sexual maturity under a lighting regimen of 20 h light to 4 h darkness for 3 weeks. Experiments were started between 2 and 8 h after the dark-to-light transition, and following a day's fasting (which avoided interference from digestive and absorptive events). The birds were anaesthetized with a breathing mixture of 80% N20 and 20% 02 passed over halothane (veterinary grade CF3CHClBr; May & Baker Ltd, Dagenham, Kent, U.K.). The contents of the body cavity were exposed by a lateral incision close to the left testis. Copper-constantan thermocouples, mounted in 25-gauge hypodermic needles, were inserted in various parts of the bird, always including one in the left testis and one between the intestinal coils immediately adjacent. Viscera were then heaped over the testis, the edges of the incision into the abdominal cavity were pulled together and the flank was covered with cotton-wool. Temperatures were read at 0-5-min intervals.
The experiments were carried out in a small bench-top enclosure. The environment of the bird was laboratory air, heated to 29°C and circulated by a fan within the enclosure. All the thermocouple 'cold junctions' were inserted deep in holes in a block of brass whose temperature was controlled at 37-1 + 005°C. Care was taken not to use the same thermocouple 'hot junction' in the testis in each experiment, but to permutate the available junctions, lest there were any unsuspected differences" between the individual junctions.
It may be objected that the temperature recorded by the thermocouple junction is not exactly the same as that of the organ in which it is inserted because of heat conduction along the needle. The effect is probably small (Grinsted, Blendstrup, Andreasen & Byskov, 1980) . Heat conduction along the needle whose point is in the testis will, in any case, be from the surrounding viscera (warmer) to the testis (cooler), thus heating the latter and reducing the effect demonstrated in this paper. Likewise the needle with its point in the viscera conducts heat from the viscera to the (cooler) ambient atmosphere, thus cooling the viscera and again reducing the effect measured in this work.
Another possible objection regarding the thermocouple needles is that they might provoke a tissue reaction causing local heating. It is improbable that this is the source of the temperature differences recorded because the testis needle actually penetrated living tissue in the testis, while the viscera needle merely lay between folds of the intestine; the greater injury-heating would therefore be expected in the testis, again reducing the effect shown.
Measurements were carried out for 23-65 min with the birds alive and subsequently for a variable period after the subjects had been killed by cutting down their oxygen and increasing the halothane concentration in the inspired gas to a lethal level. Time of death was defined as the moment when breathing stopped permanently.
Results
After anaesthesia, the temperature of the bird as a whole (judged by the average temperature of all the needles inserted) normally took a few minutes to settle. It then changed steadily (usually diminishing), until the bird was killed (for discussion of changes in blood flow, tissue metabolic rate and body temperature during anaesthesia, see, for example, Goldberg & Roe, 1966; Hunter, 1979) . The rate of change of temperature was between +010 and -0T8°Cmin_1. The fastest falls occurred in birds with the lowest breathing rates under anaesthesia (Spearman's rank correlation coefficient, rs = 0-63; < 0025). These were judged to be those birds suffering the deepest anaesthesia (on the ground that the effects of halothane in man include predispositions to heat loss and to reduced ventilation).
By 5 min after the start of recording, the temperatures of testis, viscera and flight muscle had usually steadied (Table 1 ). The temperature recorded for the flight muscle was usually the highest of ±0-59 ±0-10 those measured at the 3 sites. The shortfall in temperature of the testis below that of the surrounding viscera, averaged over the standard 15-min period, was significantly different from zero (t = 60; < 0001). Table 2 compares testis-viscera temperature differences before and after death in all those birds for which continuous records of duration at least 4 min both before and after death are available.
The numerical magnitude of the temperature difference was slightly, but significantly, higher after death than before (t = 2-73; < 005 in paired t test). This result would be consistent with the view that blood flow in the living birds tends to equalize temperatures of testis and viscera. It would not be consistent with the view that in life a temperature gradient was set up by heat from adjacent metabolizing tissue passing to the cooler testis and escaping to a still cooler blood stream, and that such a gradient merely persisted post mortem by the thermal inertia effect. 
Discussion
The temperature difference between testis and viscera was consistent throughout the duration of the observations. It (a) occurred notwithstanding the fact that halothane drastically reduces the breathing rate of the birds and (b) persisted, or even slightly increased, after the birds had been killed and were therefore not breathing and probably not circulating blood. It is therefore difficult to attribute the observed temperature differences either to cooling by evaporation in the air-sacs or to heat transfer via the blood stream.
In the past, Herin et al. (1960) have claimed that cooling of the testes via the adjacent air-sacs neither occurs nor is required in the domestic fowl; Cow les (1965) , reviewing work on birds in general, has argued the contrary. That the present work fails to show cooling via the air-sacs is not
